The distinction of a suicidal hanging from a simulated hanging following a homicidal strangulation is highly challenging. The present study evaluates the fracture of the cricoid cartilage as a potential pointer toward homicide. Despite the numerous studies on neck structures fractures in hanging, this is the first study to concentrate on the cricoid cartilage. Neck structures fractures in all cases of suicidal hanging over a 6-year period were retrospectively reviewed (231 cases) and a comparison with homicidal hangings (4 cases) and homicidal no-hanging strangulations cases (52 cases) was performed. Overall, neck structures fractures were found in 23.4% of suicidal cases (54 cases). The cricoid cartilage was intact in all suicidal hangings. The general incidence of fractures in homicidal no-hanging strangulation was 65.4% (34 cases), with an incidence of fracture of the cricoid cartilage of 20.6%. By compiling studies from the literature, only one cricoid cartilage over 2700 suidical hanging cases was found, whereas an incidence of 5 to 20% is found for homicidal strangulation. It is therefore proposed that the presence of a fracture of the cricoid in an apparent suicidal hanging should be considered highly suspicious.
W hen confronted to an apparent suicidal hanging, the forensic pathologist must keep in mind the possibility of a simulated hanging: a homicidal strangulation followed by a hanging of the victim in an attempt to conceal a crime. However, this distinction is highly challenging. The pathologist must take into consideration many autopsy findings such as location of the ligature and noose marks, type of noose, fingernail marks, petechial hemorrhages, signs of resuscitative intubation, and deep damage in the muscle of the neck. 1Y3 The scene of death, previous suicide attempts or oral statement concerning suicidal thoughts can also enlighten observations made during the autopsy. 4 Still, specific criteria to distinguish suicidal and homicidal strangulations are lacking. The present study evaluates the fracture of the cricoid cartilage as a potential pointer toward homicide. Despite the numerous studies on neck structures fractures in hanging, 4Y23 this is the first study to concentrate on the cricoid cartilage.
Neck structures fractures in all cases of suicidal hanging over a 6-year period were retrospectively reviewed and a comparison with homicidal hangings and homicidal no-hanging strangulations cases was performed. The aim of the study was to assess if the presence of a cricoid fracture could be a possible pointer to a homicide, since fracture of this cartilage is a known index of great pressure. 3 
MATERIALS AND METHODS
On a 6-year period (2000Y2005), all autopsy cases of hanging performed at the Laboratoire de sciences judiciaires et de médecine légale of Montreal were retrospectively reviewed for the presence of neck structures fractures. For that period, a total of 251 cases of hanging were found: 239 cases of suicide, 8 cases of accident, and 4 cases of homicide. Of these, 8 victims who committed suicide were excluded from the analysis either because of a skeletal or charred body, or because only an external examination was done, thus 231 cases of suicidal asphyxia by hanging were considered. The presence of fractures of the hyoid bone, thyroid and cricoid cartilages was also compared between suicidal hanging cases and homicidal no-hanging strangulation cases. The comparison was done with 52 homicidal no-hanging strangulation cases autopsied also between 2000 and 2005. Data obtained were statistically analyzed with SPSS software version 15.0. Mean values were compared with analysis of variance, while proportions were compared through W 2 test. For all statistical analysis, the threshold of significance was set at 5%.
RESULTS
Over a 6-year period (2000Y2005), a total of 231 cases (194 males, 37 females) of suicide by hanging were retrospectively reviewed. Victims were aged from 11-to 90-years-old (mean T SD; 34.5 T 13.3), with similar averages for men and women (35.0 T 12.8 for men and 31.8 T 15.4 for women).
General Incidence of Fractures
Overall, neck structures fractures were found in 23.4% of suicidal cases (54 cases), while 76.6% of cases did not present any fracture (177 cases) ( Table 1 ). Isolated fractures of the hyoid bone were observed in 2.6% of cases (6 cases), isolated fractures of the thyroid cartilage in 43 cases (18.6%), whereas combined fracture of the hyoid bone and thyroid were present in 5 cases (2.2%) ( Table 2 ). It should be mentioned however, that in 4 cases (2 cases of isolated hyoid bone fracture and 2 cases of isolated Thyroid cartilage was the most commonly fractured neck structure. As a matter of fact, isolated and combined thyroid fractures accounted for 88.9% of fracture cases (48 cases). In comparison, only 20.4% of cases with fractures presented isolated or combined hyoid bone fracture (11 cases). As for the cricoid cartilage, it was intact in all suicidal hangings ( Fig. 1 ).
In cases of homicidal asphyxia by hanging, half had neck structures fractures (2/4 cases). One homicidal victim had an isolated hyoid bone fracture whereas the other had a combined fracture of all the neck structures (hyoid bone, thyroid, and cricoid cartilages). As for the accidental hanging, only one cases out of 8 had a fracture (12.5%) and it was an isolated thyroid cartilage fracture.
The general incidence of fractures in homicidal no-hanging strangulation ( Table 1 ) was 65.4% (34 cases), while no fracture were found in 34.6% (18 cases). The thyroid was the neck structure the most fractured in victims of homicidal no-hanging strangulation. Indeed, 85.3% (29 cases) of victims with fractures had an isolated or combined thyroid fracture. Following the thyroid, the hyoid bone and the cricoid cartilage fractures represented respectively 47.1% (16 cases) and 20.6% (7 cases) of fractured victims.
Incidence of Fractures in Relation to Age and Gender
Suicidal victims presenting with neck structures fractures were significantly older than victims without fracture (P G 0.05), with an average age of 40.8 (T11.8) and 32.6 (T13.1) respectively. In fact, for the 95 victims aged 30 years or less, 90.5% (86 cases) had no fracture, whereas 9.5% (9 cases) did. On the other hand, for the 134 victims of more than 30 years of age, 33.6% (45 cases) presented a fracture. Statistical analysis with a cross table confirmed that younger victims are more prone to present no fracture than to do so (P G 0.05). Conversely, the older victims are more prone to present a fracture than younger victims (P G 0.05), thought the majority did not present a fracture (66.4%).
In terms of gender in suicidal hangings, it was observed that male victims had a significantly higher incidence of fractures than female victims (P G 0.05). Indeed, 25.8% of males (50 cases) presented neck structures fractures, while the incidence in females was 10.8% (4 cases) ( Table 2 ). The average age of victims with fractures was similar for both men and women (40.6 T 12.1 for men and 43.3 T 8.4 for women).
DISCUSSION

General Incidence of Fractures
In the present study, the incidences of neck structures fracture for suicidal and accidental hangings were respectively (Table 5 ). In fact, by compiling available studies from the English literature, this incidence vary from none existing to 76.8% with a mean of 36.6% (T24.7) (Fig. 2) . The most commonly fractured neck structure in suicidal or accidental hanging is the thyroid cartilage (Fig. 2) . When fractured, the thyroid cartilage normally breaks at the level of the superior horns. 6, 10, 11 It seems that the superior horns of the thyroid cartilage are much more fragile and vulnerable than greater horns of the hyoid bone. 3 This is in keeping with results from the present study.
Incidence of Fractures in Relation to Age and Gender
It has been repetitively demonstrated that the incidence of neck structures fractures increase with age. 4,7,9,10,12Y14,16,17,19,20 As a matter of fact, neck structures become calcified and more brittle in middle and later life. 3,24Y26 Bony fusion of the greater horn and body of the hyoid bone is rare in an individual under 20 years old and increases with advancing age. 24 The ossification of the thyroid cartilage is also increasing with the aging process, though there seems to be no direct correlation between the degree and frequency of ossification with increasing age. 25 In the present study, the incidence of neck structures fractures was significantly higher in males victims compared with females ones. This male predominance of fractures was also reported in Green et al, 11 Sharma et al, 9 and Simonsen. 17 A male predominance of fracture would be easily explained by the ossification pattern of males and females: in general, the degree of ossification of the thyroid cartilage is lesser in females than in males. 25 However, other studies found a higher incidence of fractures in female victims 4, 14 or no significant difference between genders. 6, 12 Fracture of the Cricoid as a Potential Pointer to Homicide
The cricoid cartilage was intact in all suicidal and accidental hangings in the present study. This is in keeping with the literature: only one case of cricoid fracture can be found in suicidal or accidental hangings in the English literature 4 ( Table 5 and Fig. 2) . This represents only one case of cricoid cartilage over 2700 cases. Unfortunately, there are no further details on this alleged suicidal hanging with cricoid fracture. 4 Fracture of cricoid cartilage is therefore highly exceptional in suicidal hangings. In homicidal hanging on the other hand, 1 case out of 4 presented with a cricoid fracture in this study. However, the small number of homicidal hanging renders the comparison difficult. To palliate this problem, homicidal nohanging strangulation were used for the comparison: an incidence of cricoid fracture of 14% (7/52) was demonstrated. This incidence is in accordance with the literature: the incidence of cricoid_s fractures in homicidal strangulation varies between 5% and 20%. 27Y30 This rarity of cricoid fracture in suicidal hangings compared with homicidal strangulations can be explained by the pressure required to fracture neck structures. Travis et al estimated the loading forces necessary to fracture the thyroid and the cricoid cartilage by studying fresh human larynges. 31 They found that the mean force to fracture the cricoid cartilage was of 18.8 kg, whereas a force of 14.3 kg was enough to fracture the thyroid cartilage.
It is therefore proposed that the presence of a fracture of the cricoid in an apparent suicidal hanging should be considered highly suspicious. Of course, to rule out a hanging case as a homicide based merely on the presence of a fracture of the cricoid would be a mistake. However, in such a case, further police investigation should be recommended.
